US007681114B2

12 United States Patent

Ambrosino et al.

US 7,681,114 B2
Mar. 16, 2010

(10) Patent No.:
45) Date of Patent:

(54) METHOD OF AUTHORING, DEPLOYING 6,493,001 B1  12/2002 Takagi et al.
AND USING INTERACTIVE, DATA-DRIVEN 6,552,721 Bl 4/2003 Ishikawa
TWO OR MORE DIMENSIONAL CONTENT 6,567,819 B1* 5/2003 Chengetal. ............ 707/103 R
(75) Inventors: Timothy J. Ambrosino, Virginia Beach, 6,671,853 B ¥ 12/2003 Burkett et al. ............... 715/513
VA (US); Kevin M. Curry, Virginia 6,731,314 Bl 5/2004 Cheng et al.
Beach, VA (US); Ted E. Ingalsbe, 6,898,604 B1* 5/2005 Ballingeretal. ............ 707/101
Virginia Beach, VA (US); Robert G.
Johns, Virginia Beach, VA (US)
(73) Assignee: Bridgeborn, LLC, Virginia Beach, VA (Continued)
(US) OTHER PUBLICATIONS
(") Notuce: Sub) ect‘ to any dlSCIalmer’. the term of this Rist et al., Adding Animated Presentation Agents to the Interface,
patent 1s extended or adjusted under 35 1997, ACM Database, pp. 79-86.*
U.S.C. 154(b) by 693 days.
Primary Examiner—Laurie Ries
(21)  Appl. No.: 10/993,151 Assistant Examiner—Chau Nguyen
(22) Filed: Nov. 22, 2004 (74) Attorney, Agent, or Firm—Proskauer Rose LLP
(65) Prior Publication Data (57) ABSTRACT
US 2005/0132266 Al Jun. 16, 2005
o A method whereby dynamic, interactive, two or more dimen-
Related U.S. Application Data sional media can be assembled and delivered where the need
(60) Provisional application No. 60/523,668, filed on Nov. tor pre-packaged binary content files and pre-compiled con-
21, 2003. tent 1s eliminated by using a markup language, a standard URI
to 1dentily local and/or remote media resources within a
(31) Int. Cl. markup text, a standard protocol to retrieve the resource, a
Gool 17/00 (2006.01) parser to load resources from the native format and a markup
GO9G 5/00 (2006.01) language to define behavior and where dynamic, interactive,
(52) US.CL ...l 715/201; 715/2035; 715/234; n-dimensional media is achieved by using a markup lan-
707/101;345/619 guage, connecting or embedding content mto a local or
(58) Field of Classification Search ................. 715/500, remote data source, dragging-and-dropping markup text into
715/500.1, 501.1, 507, 513, 201, 205, 234: a content provider application, updating content using a form,
o 707/ 10_15 345/619 establishing a two-way connection between content and one
See application file for complete search history. or more data sources such that changing to the data source(s)
(56) References Cited and seeing the results propagate to the scene changing the

content and seeing the results propagate to the data source(s)
and using a markup language to 1ssue commands, configure
interaction, and create behavior.

U.S. PATENT DOCUMENTS

5,838,906 A * 11/1998 Doyleetal. ............. 715/501.1
0,348,927 Bl 2/2002 Lipkin

6,370,537 Bl 4/2002 Gilbert et al. 9 Claims, 9 Drawing Sheets




US 7,681,114 B2
Page 2

U.S. PATENT DOCUMENTS

6,990,654 B2 *
7,017,143 B1*
7,197,512 B2 *
2002/0152267 Al*
2002/0184303 Al*

1/2006
3/2006
3/2007
10/2002
12/2002

Carroll, Jr. .occvevninnnnn... 715/234
Andrew et al. .............. 717/100
Pharies et al. ........... 707/103 R
Lennon ......ocoevvvenneennn. 709/203
| 051 7=; TR 709/203

2003/0191803 Al*
2004/0014013 AlL*
2004/0261008 Al*
2005/0035970 Al*
2005/0108627 Al*

* cited by examiner

10/2003
1/2004
12/2004
2/2005
5/2005

Chinnici et al. ............. 709/203
Diesel et al. ................ 434/118
Pepmetal. ................. 715/500
Wirtschafter et al. ........ 345/473
Mireku ..cooovvvvivnniinnnnnn. 715/513



US 7,681,114 B2

PE 92Inog eled
ek ~dO-
6 eABN ‘olpniSac
,LOuIbu3g suadg §$35014 JJoduy onemybr *69)
uonesljddy
Bulepoly sotydess
N
S
L4V 4Olud
_ 1913
=
S
=
>

(edepy ‘oipnisqe
‘enem)ybi ‘6-a)
- od "
ouibuz eueds 859004 pody | ©j!4 Aieuig papodx3 K - 888904 kodg uonesyddy

Bujiepoly sopydess

U.S. Patent



U.S.
S. Patent Mar. 16, 2010 Sheet 2 of 9 US 7.681.114 B2

F1G.2

PRIOR ART

Graphics
Modsling
Application

Modeling
Application
-OR-
Data Source n



US 7,681,114 B2

Sheet 3 of 9

Mar. 16, 2010

U.S. Patent

- M0 R ap up a8k Sk ois db B S - S gl

'
' Ay pessy wopead) 4
.

euiyo Aed) 10 oo |
! OO} PASN STV o
¢ WA paep |

§9I4




U.S. Patent Mar. 16,2010  Sheet 4 of 9 US 7,681,114 B2

Generate Markup
Language Document
Defining an
Interactive, 3D Scene

100

102

Desernialize
Markup into

Objects and
instructions

104
|dentify and Resoive
Linked Resources

Load and
Parse 106

Resource
Streams

108

Display
Results

F1G.6



U.S. Patent Mar. 16, 2010 Sheet 5 of 9 US 7,681,114 B2

Receiwe
input from a
Data Source

Receive Input from
Human in Loop

200 201

Process Input

Using a
Scripting or 202
Programming
204 Language
ldentify and Resolve
Linked Resources
Load and
Parse
Resource 206
Streams
Display 208

Results

FIG.7



U.S. Patent Mar. 16, 2010 Sheet 6 of 9 US 7,681,114 B2

Query Database.
Request that resuits
be retumed as a
markup language
document

These are extemal processes
predefined by the data provider.
With the exception of the request
for the specific result format, this
process is opaquse to the invention.
Convert database
format-specific record
set into markup
language document

Transformation
Markup

Transform Input
Markup into

Output Markup

Transformation
Markup

FIG.8

(o



U.S. Patent Mar. 16, 2010 Sheet 7 of 9 US 7,681,114 B2

Data Source

Process for

Updating a
Record

Scene

FIG.9

Done



U.S. Patent

Mar. 16, 2010 Sheet 8 of 9

User Interaction

with a Scene
Artifact

Method for
Querying Artifact’s
Attribute’s Values

Process for

Updating a
Record

FIG.10

US 7,681,114 B2



1191

US 7,681,114 B2

617
-[euonsauiq

Sheet 9 of 9

2010

b/

Mar. 16

(Jooyurep,
Jo)e|os]

U.S. Patent

)

UoReuIuni|
-[eqoID

ejowe)
-aAndadsiod




US 7,681,114 B2

1

METHOD OF AUTHORING, DEPLOYING
AND USING INTERACTIVE, DATA-DRIVEN
TWO OR MORE DIMENSIONAL CONTENT

CROSS REFERENCE TO RELATED PATENT
APPLICATION

This application claims priornity from prior provisional
patent application Ser. No. 60/523,668 filed Nov. 21, 2003,

the entire disclosure of which 1s incorporated herein by ref-
erence.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to the authoring, delivery and
use of interactive two or more dimensional multimedia and,
particularly, three dimensional content.

2. Discussion of the Prior Art

It 1s common 1n the authoring art to bundle multiple media
resources, and sometimes compiled script, into a single
binary package. The binary package 1s then read and/or inter-
preted by soltware to create a graphical display and, in cases
where script 1s included, provide interactivity and behavior.

One technology using pre-packaged media resources is the
Viewpoint MTS file, which “carries binary imformation for
VET content.” The Viewpoint MTS file 1s a single file con-
taining one or more models, textures, sounds, and the like. An
MTS 1s repeatedly referred to as a “Media Carnier File,”
meaning that it 1s a file used to contain other files. By way of
example, where an n-dimensional scene uses one Light-
Wave™ model (.Iwo file) and one Bitmap texture (.bmp file),
Viewpoint Experience Technology bundles the .Iwo and .bmp
Into a single MTS file before It 1s loaded 1nto the scene.

Technologies that bundle scene content and compiled
script using a scene compiler include Director3D™ by Mac-
romedia and Walkabout Developer’s Kit by Mayim Visual
Solutions while Wild Tangent provides a third solution with a
toolkit using a Java API and JavaScript where Java must also
be compiled. As shown 1n FIG. 1, these products require an
intermediate step labeled as “Exported Binary File” 1n order
to provide import data to a scene engine. More particularly,
these products depend on logic built through proprietary
scripting languages to provide content, interaction, and
behavior. The code written 1n these scripting languages 1s then
processed and packaged, along with media content, by a
proprictary compiler. The prior art technologies are also
shown 1n FIG. 2 where multiple sources are shown.

SUMMARY OF THE INVENTION

One aspect of the present mnvention involves a method of
assembling and delivering dynamic, interactive, two or more
dimensional media including the steps of generating a
markup language document defining an interactive, two or
more dimensional scene without using pre-packaged binary
content files or pre-compiled content, deserializing the
markup language document 1nto objects and instructions and
displaying results from the deserialized markup language
document.

Some of the advantages of the present invention over the
prior art are elimination of the need to pre-package and pre-
compile two or more dimensional multimedia, two or more
dimensional multimedia 1s derived from at least one data
source such that changes 1n the data source(s) are reflected 1n
changes to the media without compilation, the use of two or
more dimensional multimedia to affect changes at least at one
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data source, whereby user interaction with the media results
in changes to the data source, and an interactive, graphical
display 1s provided from uncompiled, two or more dimen-
sional multimedia and at least one data source and provides
3D interaction techmiques such as, for example, using a
mouse to push down the scale of a column 1n order to update
a field 1n a database.

Other advantages, aspects, features and characteristics of
the present invention will become apparent from the follow-
ing description of the preferred embodiments taken 1n con-
junction with the accompanying drawings, wherein like parts
in each of the several figures are identified by the same ref-
erence characters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are simplified diagrams of prior art technolo-
gies showing single and multiple sources, respectively.

FIGS. 3 and 4 are simplified diagrams showing single and
multiple sources, respectively, operating with a scene engine
according to the present invention.

FIG. 5 1s a diagram showing the present invention and the
prior art technologies.

FIG. 6 1s a flow chart showing the method according to the
present 1nvention.

FIG. 7 1s a flow chart showing an alternate method accord-
ing to the present mvention.

FIG. 8 1s a flow chart showing a base case of the method
according to the present mvention.

FIG. 9 1s a flow chart showing a method for propagating
database updates according to the present mnvention.

FIG. 10 1s a flow chart showing a method for changing the
content and seeing the result propagate according to the
present invention.

FIG. 11 1s a scene graph diagram of an XML document 1n
accordance with the present invention.

DESCRIPTION OF THE PR
EMBODIMENTS

(L]
Y

ERRED

In describing the present invention, interaction can be
either or both through direct manipulation of content (e.g.,
click-on-and-drag-to-move) or through indirect manipula-
tion (e.g., enter a number 1nto a form) and 1nteractive content
1s minimally defined by its ability to support direct manipu-
lation. Direct manipulation i1s defined by the ability for a
human user to place a physical or virtual implement 1n three-
dimensional space and use that implement to control one or
more of position, rotation, scale, and magnification, and/or a
number of other attributes of a graphics artifact including
model level down to geometric primitive of a model. As used
herein an XML document, or markup language document, 1s
XML recognized by the W3C as conforming to the rules of
XML. As such, a document can be a single XML node (tag) or
a tree of many nodes. A document can exist as a file or as a text
stream. A scene engine includes any software component
used to facilitate the display and interaction capabilities of an
interactive, multidimensional scene. Objects are instances of
data structures, including sets of behaviors that are applicable
to the data structures. Instructions are a code that specifies a
process to be executed or action to be performed. Data
Sources are any information stored in a machine-readable
format that can be used by the invention. Sources include data
bases, text documents, 1image repositories. The terms URI
(Uniform Resource Identifier) and URL (Uniform Resource
Locator) are used interchangeably herein with the under-
standing that URL 1s a subset of URI.
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In accordance with the present invention, dynamic, inter-
active, two or more dimensional media can be authored,
assembled and delivered without the need for pre-compiled
content as shown 1 FIGS. 3 and 4 1n comparison to FIGS. 1
and 2, respectively, and as shown in FIG. 5. As shown 1n
FIGS. 3 and 4, the scene engine™ operates 1n accordance with
the method of the present mvention such that there 1s no
exported binary file as required in the prior art shown 1n FIGS.
1 and 2. The present invention supports the ability to provide
content, interaction, and behavior without requiring a scene
compiler and avoids the intermediate step of compiling or
repackaging content.

FIG. 5 1s a diagram that shows how the present invention 1s
different from two other mteractive 3D products with regard
to using assets stored remotely on distributed servers. The
present invention 1s labeled as “Bridgeworks™ in FIG. 5. The
two prior art products shown in the diagram, along with
Bridgeworks, are Viewpoint and Shockwave 3D. Significant
in the diagram are the directions of the arrows. The present
invention parses an XML document (one or more) that points
to the assets 1n their original locations and formats. Depend-
ing upon the objectives of a particular application, these
assets might be downloaded 1nto a local cache or they might
be streamed directly to the 3D scene. On the other hand, both
prior art products are precluded from this approach through
their use of their proprietary binary content files. At some
point in their processes, the original media content (and pro-
grammed behavior) must be re-packaged or re-compiled
before 1t can be delivered to or requested by the client appli-
cation. Assuming all products have the ability to “import” the
same 37 party, proprietary file formats (e.g., .Iwo, .3DS, .dxf,
Jpeg, .gif, etc.), that there exist three different assets stored at
three different locations, and that each of the products wants
to use all of these assets, 1n order for Shockwave and View-
point to do so, they must 1) download each of the assets to a
shared location and 2) package or compile these assets 1nto
yet another proprietary binary format. The present mnvention,
however, requires only that a link be created in an XML file
that locates each asset 1n 1ts original location and format. In
cifect, the present mvention has the ability to create hyper-
links to 3D content just as 1f 1t were any other linkable asset.

The following 1s a working XML file under the present
invention with links to remote assets that demonstrates what
1s shown 1n Bridgeworks section of FIG. 5 with the exceptions
that servers and the model files are purely demonstrative and
that the URL attribute for the Keyframelnterpolator 1s not
used 1 exactly the way shown although 1t could be used
simply. For exemplary purposes, the URL attribute 1s omitted
and instead the data 1s pushed from the server 1n a process that
1s 1nitiated through JavaScript. There are several means by
which amimation data can be accessed by or delivered to the
scene. The following 1s one XML example where 1t 1s neces-
sary to reference a data source within an XML stream. The
key point 1s that the data for the animation, like all other
assets, can be stored anywhere; and, furthermore, 1t does not
need to be compiled into an intermediate binary file.

<7xml version="1.0" encoding="UTF-877>
<?bwplugin name="BBD3D&8Engine” action="load”?>
<dcene name="Scene’>
<Isolator name="“Root”>
<(roup name="Cameras™>
<PerspectiveCamera name="Camera” nearDistance=".25"
farDistance="80000" zoom="3.2"">
<position x="-20000" y="*3500" z="0"/>
<rotation x="10" y="90" z="0"/>
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-continued

</PerspectiveCamera™>
</Group>
<Group name="Lights’”>
<DirectionalLight name="DirLight”/>
</Group>

<Group name="Models”>
<1-- A 3D Model file located on Serverl -->

<Model name="Some Terrain” url="“"\Serverl/objects/

Terrain.lwo” />
<1-- A 3D Model file located on Server2 --=>

<Model name="Vehiclel” url=""\Server2/objects/Vehicle.lwo”/>
</Group>
</Isolator>
<!-- 3D animation data stored in a remote database on Server3-->

<Keyiramelnterpolator name="Vehiclel Travel Data” target=
“Vehiclel”

url="http://Server3/data/VehicleDataServer.aspx'\?Vehiclel1 &amplan03;”/>
<!--Background image stored on the local machine -->
<RenderDirective name="RenderDirective”

backgroundImageFilename="C:\Program

Files'\Bridgeborn\Bridgeworks'\Content'\BW__A10\umages'\sky.jpg™/>
</ Scene>

Remote data sources and remote content are not exactly the
same thing, even though they have been combined together 1n
parts herein for purposes of simplifying understanding of the
present invention. Remote content generally refers to 3D
model files and 1image files, but remote content may also be
any content that can be presented 1n the scene either visually
or audibly. In other words, “remote content™ usually means,
“remote media file.” Remote data, on the other hand, might be
any kind of data that can be interpreted into something pre-
sentable. Some non-3D quantitative value may be used to
determine the size of a model, for example (e.g., size of
population used to determine height of terrain). The present
invention treats remote data used to drive an interactive 3D
scene just like any other asset used for the scene.

FIG. 6 illustrates the method of the present mvention to
take an mput document and create a 3D graphical display
without pre-compiling a scene. The first step 100 in the
method involves generating or obtaining, as input, a markup
language document (such as one created in XML ) defining an
interactive 3D scene. The scene may have graphics, such as a
scene graph with models, lights and textures. The scene may
have interaction behavior such as the ability to rotate objects.
The markup language can be created by any known method,
including by simply typing 1n instructions into an XML file or
by using a JavaScript. In the next step 102 1n the method, the
markup language document i1s parsed, specifically the
markup language document 1s “deserialized’ into objects and
instructions. “Deserialization” as used herein means a pro-
cess of taking what 1s 1n the markup language document,
creating objects 1n memory and configuring their attributes.
For objects or mstructions that are defined completely 1n the
markup language document, the method proceeds to step 108
in order to create a display of the results. Objects and instruc-
tions that are not completely defined 1n the markup language
document can be referenced through URIs (links) found 1n
the serialized document. In such cases, external files or data
sources are accessed 1n order to process the object or instruc-
tion. The external files can be local to the system or can reside
clsewhere and be accessible over the Internet or any commu-
nication network. Under the method of the present invention,
step 104 1s performed to identily and resolve the linked
resources. The method would then, 1n step 106, load and parse
the linked resource streams necessary to perform the objector
istruction as 1t 1t were originally present in the markup
language document. Examples of such resource streams
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include software specific formats needed 1n order to view or
display graphical data. Thereafter, the results are ready for
display. Step 108 shows the display of the results and refers
not just to the actual display of graphics on a screen but also
to the underlying commands being 1n place in order for the
display to be shown on a screen.

FI1G. 7 1s a flowchart illustrating the steps taken 1n another
embodiment of the present invention to take input and create
a 3D graphical display avoiding having to pre-compile scene
content. The first step 1n the process is recerving input from
either a human 1n the loop, shown as step 200, and/or a data
source, shown as step 201. The scene may have graphics, such
as a scene graph with models, lights and textures. The scene
may have interaction behavior such as the ability to rotate
objects. This input can be recerved by a JavaScript document
or any other non-compiled scripting language or compiled
solftware component, the contents of the scene not being
re-compiled before they appear in the display. In the next step
in the process, shown as step 202, input 1s processed to pro-
duce a markup language document. Specifically, inputis used
to create objects and instructions and for configuring their
attributes. For objects or instructions that are defined com-
pletely 1n the markup language document (do not require
external resources), the system proceeds to step 208 1n order
to create the display of the results. Objects and 1nstructions
that are not completely defined in the markup language docu-
ment can be referenced through URIs (links) found in the
input. In such cases, external files or data sources are to be
accessed 1n order to process the object or instruction. The
external files or data sources may be local to the system or
may reside elsewhere and be accessible over the Internet or
any communication network. Under the method of the
present invention, the system would perform step 204 to
identify and resolve the linked resources. The system would
then, 1n step 206, load and parse the linked resource streams
necessary to perform the object or mstruction as 1f 1t were
originally present 1n the markup language document.
Examples of such resource streams include software specific
formats needed 1n order to view or display graphical data.
Thereatter, the results are ready for display. Step 208 shows
the display of the results and refers not just to the actual
display of graphics on a screen but also to the underlying
commands being 1n place in order for the display to be shown
on a screen, thus providing screen engine.™

The present invention provides a method by which output
from a database 1s transformed into mput for the scene. For
example, a database has a schema, or structure, defimng field
names and value types that do not directly correspond to any
defined mputs for the scene. It may be the case that the field
names and value types have different syntax, but the same
semantics as certain scene mputs. In some cases, a “transla-
tion” may be required to transform the output of the database
into mput for a scene.

The base case of this method by which output from a
database 1s transformed into 1nput for a scene 1s shown 1n FIG.
8 and 1nvolves a database record set, three markup language
documents and a software executable component that inter-
prets markup transformations. Initially, a database 1s queried
and returns a record set as a {irst markup language document,
usually through a process executed by the database server.
External processes can be used by the method of the mven-
tion. That 1s, the process of returning a record set as a markup
document (1.e. XML) 1s a service provided by many com-
monly deployed database server applications, such as the one
used by the method. Likewise, the process of taking an input
markup file and a transformation markup file and generating,
an output markup file 1s also found in many commonly

10

15

20

25

30

35

40

45

50

55

60

65

6

deployed components, such as the one used by the present
invention. This 1s referred to as “mput markup.” A second
markup language document, the “transformation markup,” 1s
introduced. The transformation markup defines a process of
converting the mput markup nto a third markup language
document, the “output markup.” A software component takes
both the mput markup and the transformation markup and
uses them to create the output markup which 1s ready to be
used as 1put for the scene.

The process 1s reversible and 1s accomplished without
requiring any part of the scene’s input to pass through a scene
compiler before the input can be used to create a scene. The
database may even store URLSs to binary scene content, and
these will be written as URLs 1n the output markup. It 1s
possible to store the content directly 1n the database, not as a
linked binary. In this case, the transformation refers to the
database as the content source and the URL written in the
output markup points to the database. When the URL 1s
encountered, the mvention processes by which remote con-
tent 1s “1dentified, resolved, loaded and parsed™ are executed.

A method according to the present invention for propagat-
ing database updates to a scene 1s shown 1n FIG. 9 where a
database user adds or modifies a record 1n a database. There 1s
a 3D scene monitoring records in that same database and
displaying the records’ values 1n some way. When the data
changes, the scene changes. The method may use the previ-
ously described record set transformation method, but it 1s not
required. The value of one or more ficlds 1n a database 1s
updated (by any means available). Depending on the objec-
tives of a client application using the present invention, this
update may be pushed from the database to the client appli-
cation through an active connection or pulled by the client
application through a normal query/result cycle. If either the
field name and or the value type are not understood by any of
the components that make up the present invention, then the
previously described record set transformation method can be
used. The record containing the update 1s processed through
the imnvention as an update to a scene. For example, the size of
an object can increase as data value increases. It 1s possible to
do this entirely without the use of a markup language docu-
ment. Instead this method could use a scripting language to
“1dentily, resolve, load, and parse” interactive scene content.

A method according to the present invention for changing
the content and seeing the results propagate to the data source
(s) 1s shown in FIG. 10 wherein a user clicks on a 3D data
column and *“pushes™ 1t down from the top so as to make 1t
appear shorter. While this 1s happening, or after the interac-
tion 1s completed, a value 1n a field within a database gets
smaller. The user, through some physical or virtual imple-
ment, affects some attribute of an object 1n the scene. For
example, using the mouse as a controller, the user clicks on a
model and drags the mouse 1n order to affect the model’s
scale. The object does not necessarily represent visual graph-
ics, though 1t can. The value of the attribute that 1s affected 1s
reported 1n one of two ways, etther the attribute value 1s
broadcast as an event, like other events within the system or
the attribute of the model 1s connected to one or more
attributes of other components. When the model’s attribute 1s
set, the connected attributes receive the value. A software
component receives the new attribute value. This component
has the ability to update a database. The new attribute value 1s
updated 1n the database. If either the attribute name and or its
value type are not understood by the database, then the
reverse of the previously described record set method 1s used.

With respect to the relationship between scene graphs and
markup languages, the XML DOM (*document object
model”) 1s a hierarchically arranged data structure containing,
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information related to some collection of computer-based
media or content. Developers oiten think of an instance of the
DOM as a “tree.” Whether viewed 1n memory or as saved text
in a file, the DOM has well-defined elements and a well-
defined structure. There 1s a single root node. The root can
have child nodes, creating a parent-child relationship. There
are also sibling relationships. Nodes can be added, removed,
and/or replaced. Assembling a collection of nodes hierarchi-
cally creates a tree. Branches of the tree can be traversed.
These concepts are fundamental to graph-based data struc-
tures 1n general, of which a tree 1s a specific type, and every
one of these concepts can be found 1n any good Scene Graph

(SG) APL.

A scene graph 1s a hierarchically arranged data structure
containing information related to a collection of 3D scene
content. This makes XML especially well suited for express-
ing, constructing, and moditying 3D scene graphs. Below 1s
an example of an XML DOM from an actual scene under the
present invention:

<Scene name="MyFirstScene’”>
<Isolator name="MainRoot” isolate Transforms="true>
<PerspectiveCamera name="Camera” zoom="3.2"
nearDistance=".25" farDistance="4000"">
<position x="3" y="4.2424" z="-3"/>
<rotation x="45" y="-45" z="0"/>
</PerspectiveCamera>
<Globallllumination name="Global Light>
<ambient r=".5" g=".5" b=".5"/>
</Globallllumination>
<DirectionalLight name="TheLight>
<ambient r="0.7" g="0.7" b="0.7"/>
<diffuse r="1" g="1" b="1""/>
<gpecular r="1" g="1" b="1"/>
<rotation x="30" y="-25" z="0"/>
</Directional Light>
<Model name="Box’ url="/objects/Box.lwo”>
<position x="0" y=".25" z="0"/>
<rotation x="0" y="0" z="0"/>
<scale x="17 y="1" z="1""/>
</Model>
</Isolator>
</Scene>

In the above XML document, Isolator, PerspectiveCamera,
Globallllumination, DirectionallLight, and Model are all
Nodes. They are Nodes both 1n the nomenclature of both the
XML DOM and our scene graph API 1n the present invention.
Other SceneGraph APIs might use different names to repre-
sent the same kind of node, but they use nodes nonetheless.
FIG. 11 1s the XML document shown as a scene graph dia-
gram, 1t being noted that the actual scene graph 1s slightly
more complicated. A model node 1s the root of a subtree of
geometry, surface, and texture nodes.

As will be appreciated from the above, the use of a markup
language to define behavior 1n accordance with the present
invention helps eliminate the needs for both proprietary
scripting languages and compiled script. Commands are
objects that execute literal instructions: “Set” some properties
of the model, “Play” an animation, “Remove” a model. These
commands are classes that are defined by a schema, and
expressed as XML. One reason XML 1s used 1s because it can
be easily passed between heterogeneous systems (including
people) and translated when those systems’ data processing
“languages™ don’t match. XML can be easily modified 1n
practical situations where the often necessary, though equally
lamentable, “quick 11x” 1s required.

Prior art solutions rely on proprietary scripting languages
to process the mnstructions that provide interactivity within an
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application (e.g., Director3D requires LINGO, Mayim has 1ts
own language). Scripting languages are embodied by tradi-
tional abstract programming interfaces (APIs) that provide
the means for expressing programmable 1nstructions. These
scripting languages are usually compiled into closed applica-
tions. This creates many problems. The first problem with
scripting languages 1s that they require both human users and
computer-based clients have detailed knowledge of an API
and, perhaps more importantly, have the ability to express
instructions 1n the restricted manner required by these APlIs.
Consider the following example 1n Director3D’s LINGO,
which rotates a model 20 units about the Y axis:

x=0;

y=20);

7=0;

member(“Orb”).model(1).rotate(x,y,z);

How does a program express that 1t wants to execute this
instruction? This instruction typically must be compiled into
any application that needs to execute it. All that the applica-
tion can do 1s anticipate that the instruction will be needed and
perhaps expose the settable variables through some GUI. In
order to 1ssue a different instruction altogether, at runtime,
programmed support must already exist at compile time.
Even 1f the mstruction 1s not compiled (e.g., 1t 1s written 1n
JavaScript), a computer cannot automatically introduce a new
istruction.

Comparing this paradigm with the present invention, 1t will
be appreciated that instructions 1n the present ivention are
written 1n simple markup text and are not compiled. Here 1s
the comparable instruction under the present ivention for
rotating the model:

<Set target="0Orb”>
<rotation x="0" y="20" z="0"/>
</Set>

Changing the values of the rotation, or switching altogether to
“translation”, 1s as basic as changing the markup and sending
the result stream to the present mvention.

Commands can be sent directly into a scene for immediate
execution, or they can be qualified to execute only when
certain events occur. For example:

<CommandSequence event="Mbuttonl.Click>
<Set target="0Orb”>
<rotation x="0" y="20" z="0"/>
</Set>
</CommandSequence>

This says that the set command will only rotate the model
when the mouse’s ledt button 1s clicked.

State machines are one example of a primitive behavior
that can be expressed in XML. The state machine concept
builds upon the command concept. Specifically, state
machines contain one or more states. States contain one or
more command sequences. Command sequences can respond
to 0 or more events. Multiple command sequences can
respond to the same event. Separate states must be used to
isolate commands that affect the same objects and/or
attributes when triggered by the same event. Otherwise, the
commands will conflict. The following 1s a stmple example
that turns a light on and off by changing states whenever the
left mouse button 1s clicked:
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<7xml version="1.0" encoding="UTF-877>
<!-- A StateMachine with 2 States. The intial state is set to
turn the light off when the left mouse button 1s clicked (assuming light is S
on).-->
<StateMachine imitialState=""TurnLi1ghtOff">
<State name=""TurnLi1ghtOf”*>
<CommandSequence event="
<Set target="TheL1ght”*>

Buttonl1.Click™>

<show>false</show> 10
</Set>
<!-- Light 1s OFF. Change states so the next click turns the light
ON.--~
<StateTransition goto="TurmLightOn”/>
</CommandSequence>
</State> 15
<State name=""TurnLi1ghtOn>
<CommandSequence event="MButtonl.Click’>
<Set target=""TheLi1ght’”>
<show>true</show>
</Set>
<!-- Light is ON. Change states so the next click turns the light 50
off.-->
<StateTransition goto="TurnLightOf{f”/>
</CommandSequence>
</State>
</StateMachine>
25
Because the state machine 1s expressed in XML, it need not
be compiled. The behavior of the state machine can even be
changed dynamically at runtime by changing, perhaps, the
events to which 1t responds, the command sequences
executed within a particular state, the objects affected by the 30
commands, etc.
Inasmuch as the present invention is subject to many varia-
tions, modifications and changes 1n detail, 1t 1s intended that
all subject matter discussed above or shown in the accompa-
nying drawings be interpreted as illustrative only and not be 35

taken 1n a limiting sense.

What 1s claimed 1s:

1. A computer-implemented method of assembling and
delivering dynamic, interactive, two or more dimensional
media comprising the steps of:

10

generating through a computer a markup language docu-
ment defining a dynamic, interactive two or more
dimensional scene including interactive behavior of an
object, without using pre-packaged binary content files
or pre-compiled content;
deserializing through a computer the markup language
document 1nto objects and instructions, including 1den-
tifying and resolving linked resources and loading and
parsing resource streams from the linked resources, the
istructions comprising instructions defimng the
dynamic behavior of the objects;
dynamically displaying results from the loaded and parsed
resource streams from the deserialized markup language
document without packaging or compiling the objects
and 1nstructions.

2. A method as recited in claim 1 and further comprising,
the step of accessing objects and 1nstructions from external
files and data sources.

3. A method as recited 1n claim 1 and further comprising
the step of parsing external resources necessary to process
objects and 1nstructions as 11 the objects and instructions were
originally present 1n the markup language document.

4. A method as recited 1n claim 1 and further comprising
the step of generating the markup language document from
input from a human using a non-compiling scripting lan-
guage.

5. A method as recited in claim 1 and further comprising,
the step of generating the markup language document from a
data source using non-compiling scripting language.

6. A method as recited in claim 1 and further comprising
the step of transforming at least one data source nto input
markup language.

7. A method as recited 1n claim 1 and further comprising
the step of propagating database 1nputs to the display where
the database 1nputs are not modified by a user.

8. A method as recited in claim 7 wherein the displayed
results propagate to at least one data source.

9. The method of claim 1, wherein the behavior includes

rotation.
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